Introduction {#S0001}
============

The development of heart failure after acute coronary syndromes (ACS) is the most common complication associated with a high mortality rate.[@CIT0001],[@CIT0002] Circulating levels of C-reactive protein (CRP) have been shown to be linked to poor prognosis in patients with atherothrombotic problems, heart failure, arrhythmias, and myocarditis[@CIT0003] Fourteen predictors of heart failure were studied by Ho et al.[@CIT0004],5 Important predictors identified were older age, diabetes mellitus, valvular disease, hypertension, higher heart rate, left ventricular hypertrophy, left bundle branch block, cardiovascular disease, body mass index, smoking, gender, and dyslipidemia.[@CIT0004],[@CIT0005] Few studies have reported the association between high sensitivity C-reactive protein (hsCRP) and heart failure after ACS.[@CIT0006],[@CIT0007] High levels of hsCRP at myocardial infarction also predict early mortality.[@CIT0006],[@CIT0008] Diabetic patients also have grave prognosis after acute myocardial infarction (AMI).[@CIT0009] A high level of hsCRP earlier in ACS, before development of myocardial necrosis, is an important indicator of poor prognosis with cardiovascular comorbidities. Its assessment during the time course of ACS may assist in risk stratification for myocardial dysfunction.[@CIT0010] The major function of biomarkers is in ACS, heart failure prediction, and risk stratification for recurrent cardiovascular events. They provide a way for guiding further treatment needs.[@CIT0011] There are few data on the prognostic role of hsCRP measured at and after first myocardial infarction. Therefore, we aimed to study the association of serial measurements of hsCRP estimation at AMI with development of heart failure in patients who had suffered myocardial infarction for the first time.

Methodology {#S0002}
===========

Study design and settings {#S0002-S2001}
-------------------------

This prospective study was conducted at the Department of Physiology, Department of Emergency Medicine, and Department of Cardiology of the College of Medicine and King Khalid University Hospital, King Saud University, Riyadh, Saudi Arabia. The study protocol was approved by the Research Ethics Committee of the CMRC.

Study population andpatient enrollment {#S0002-S2002}
--------------------------------------

The study was approved by the College of Medicine Institutional Review Board committee. All patients signed the consent form with Arabic and English versions. The patient consent was written informed consent, and the study was conducted in accordance with the Declaration of Helsinki.

A detailed history was recorded and clinical examination was performed. All information was recorded on a predesigned proforma. Inclusion criteria included adult patients of any sex with AMI. For the diagnosis of AMI and other ACS protocols we used standard criteria as previously reported.[@CIT0012],[@CIT0013] Heart failure was diagnosed on the basis of symptoms, clinical signs, and documented left ventricular impairment (left ventricular ejection fraction≤40%) according to the current guidelines.[@CIT0014] At AMI, the Killip classification was used to evaluate patients for heart failure, and at follow up the New York Heart Association Functional Classification scores were recorded. Patients with associated systemic disorders like acute infections, stroke, acute diabetic status, rheumatic diseases, chronic liver diseases, renal failure, cancers, and sepsticemia, patients with an ongoing or recent infectious disorder, and patients with a surgical procedure in the past 3 months time were excluded.

Of the 227 patients recruited, 181 patients had evidence of AMI on the basis of the standard criteria. The remaining 46 patients were used as a control. Among them, 31 had unstable angina, 9 had chronic CAD, and 6 turned out to be having nonischemic problems. Only 150 patients completed the study: 5 patients died during follow up and 26 patients did not turn up and were excluded from the study. Patients were divided into two groups based on a cutoff point of the mean value of hsCRP levels on admission, which was 10.05±12.68 mg/L. Group A had CRP\<10 mg/L on admission while group B had CRP≥10 mg/L on admission.

Analytical details and assays {#S0002-S2003}
-----------------------------

Venous blood samples were tested for lipid profile including total cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL), high density lipoprotein (HDL), and hsCRP. TC, TG, LDL ,and HDL were analyzed by a Dimension autoanalyzer (USA). hsCRP assays were performed with the turbidimetric assay method (Quantex hsCRP kits) supplied by BIOKIT Spain using an Hitachi 911 autoanalyzer manufactured by ROCHE Diagnostics (Hoffmann-La Roche Ltd., Basel, Switzerland). The kit detected hsCRP in the range of 0.10--20.0 mg/L. We followed the American Heart Association criteria for measurement, evaluation, and expression of hsCRP.[@CIT0015] Lp(a) was analyzed by turbidimetric immunoassay with the quantex Lp(a) kits supplied by BIOKIT Spain.

Patient follow up and study endpoints {#S0002-S2004}
-------------------------------------

Blood samples were taken for analysis of hsCRP on admission to hospital at first AMI in the acute phase (\<12 hours from onset of symptoms) from the antecubital vein. After centrifugation, the serum was separated and stored at −70 °C until assayed. 12 months after recruitment each patient was called for a complete clinical check-up and echocardiography was performed using standard procedures. The patients were followed up for recurrent events and complications that occurred after the first attack of AMI. The doctors examining the patients and those who performed the echocardiography were unaware of the hsCRP levels. In about 16 patients the echocardiographic images were technically not suitable and were discarded from the final data analysis. Any mortalities during this time, with dates and causes, were obtained from hospital records or from the patient's family doctor.

Statistical analysis {#S0002-S2005}
--------------------

We used the Statistical Package for Social Sciences (SPSS version 20; IBM Corporation, Armonk, NY, USA). The demographic data and lipid profiles were expressed as the mean±SD for continuous variables and as percentage values for categorical variables. Independent sample Student's *t*-test was used for comparison between studied groups. Nonnormally distributed data (skewed) were analyzed by Mann--Whitney *U*-test. Categorical variables were compared between various groups using the chi-square test. *p*\<0.05 was considered statistically significant.

Results {#S0003}
=======

We prospectively examined the association of hsCRP with heart failure in patients with first myocardial infarction.

Clinical and demographic data details are expressed in detail for all CAD patients in [Table 1](#T0001){ref-type="table"}. hsCRP (19.5±16.2 vs 1.8±0.90, *p*=0.0001) and Lp(a) (26.65±26.92 vs 16.78±13.31, *p*=0.0132) levels were significantly higher in CAD patients compared to control subjects. [Table 1](#T0001){ref-type="table"} also shows the mean peak cardiac enzymes attained. Among the peak cardiac enzymes, only AST levels were significantly high in AMI patients divided into low and high CRP groups based on a cutoff mean value of hsCRP level on admission (10.05±12.68 mg/L). The average time for the first sample was 7 h and 20 min in the low CRP group and was 6 h and 45 min in the high CRP group. [Table 2](#T0002){ref-type="table"} shows a comparison of clinical and demographic characteristics between AMI patients with low and high hsCRP levels. Serum AST levels were significantly higher in the high CRP group (*p*=0.0198), and also the diabetes mellitus frequency (*p*=0.0106). We observed significantly lower levels of ejection fraction at 1 year of follow up in patients of Group B (37.29±12.97) compared to Group A (43.85±11.77, *p*=0.0198) ([Table 3](#T0003){ref-type="table"}).Table 1Clinical and demographic data of AMI patients compared with control subjectsControl\
N=46AMI\
N=150*P*-valueMale/female27/19112/38Age (years)54.62±10.6055.16±9.970.7745Height (cm)164.13±9.00162.39±9.240.3435Weight (kg)75.84±15.8375.61±16.040.6125BMI28.12±6.0828.59±6.570.5767SBP (mmHg)129.93±19.07132.11±18.280.7798DBP (mmHg)75.83±12.2676.94±11.690.8113Pulse81.22 13.0981.91±14.230.1518Temperature (°C)36.46±0.4736.54±0.480.1747Respiratory rate (/min)20.98±3.4721.28±3.830.4319hsCRP (mg/L) at AMI1.8±0.909.01±10.750.0001Lp(a)16.78±13.3126.65±26.920.0132[^1] Table 2Comparison of clinical and demographic data between AMI patients with low and high hsCRP levelsLow CRP group\
N=99,\
CRP\<10 mg/LHigh CRP group\
N=51,\
CRP≥10 mg/L*P*-valueMale/female75/2437/14Age (years)54.22±12.3555.33±13.420.6394Height (cm)163.80±10.37161.88±7.540.4173Weight (kg)78.02±16.5373.93±12.740.2443BMI29.29±6.0127.18±6.570.1475SBP (mmHg)131.62±19.19131.21±23.640.9210DBP (mmHg)77.76±14.5875.12±15.370.3637Pulse81.93±14.3085.86±16.690.1892Temperature (°C)36.48±0.4836.63±0.670.1785Respiratory rate (/min)20.65±3.2920.53±1.280.8300hsCRP (mg/L)3.2±02.526.1±12.60.0001Troponin T2.35±1.443.60±2.930.5962CKMB116.88±109.08196.50±110.740.6094AST24.50±8.96108.50±73.730.0198LDH190.20±49.51271.90±198.490.3892History of angina15 (15.1%)9 (17.6%)0.8729Current smoking30 (30.3%)21 (41.2%)0.2502Hypertension49 (49.5%)33 (64.7%)0.1096Diabetes mellitus53 (53.5%)39 (76.5%)0.0106Thrombolysis32 (32.3%)19 (37.2%)0.6729Gensini score64.21±51.8964.65±36.210.9682[^2] Table 3Echocardiographic findings in AMI patients divided into low and high hsCRP at 1 year of follow upLow CRP group\
N=93,\
CRP\<10 mg/LHigh CRP group\
N=41,\
CRP≥10 mg/L*P*-valueARD28.62±5.7729.05±5.150.3135LAD37.47±3.6438.73±5.980.9429LVIDd50.15±5.9853.53±8.280.0271LVIDs32.88±5.7437.12±10.200.0134PW10.12±1.4510.04±1.780.7310IVSep10.35±1.8110.68±2.130.1494Ejection fraction45.87±9.9638.42±13.450.0048[^3]

The difference for Lp(a) levels was nonsignificant between the two groups (23.39±20.67 vs 28.43±28.25, *p*=0.2532). This was also the case for TC, TG, LDL, and HDL levels ([Table 4](#T0004){ref-type="table"}).Table 4Lipid and Lp(a) profile of myocardial infarction patients divided into CRP\<10 mg/L and CRP≥10 mg/L at AMILipid profileLow CRP group\
N=99,\
CRP\<10 mg/LHigh CRP group\
N=51,\
CRP≥10 mg/L*P*-valueTC (mmol/L)4.28±1.404.48±1.140.4923TG (mmol/L)1.84±1.101.72±0.940.6039LDL (mmol/L)2.71±1.202.93±0.840.4789HDL (mmol/L)0.71±0.250.81±0.150.1220Lp(a) (mg/dl)23.39±20.6728.43±28.250.2532[^4]

Troponin (r=−0.382, *p*\<0.001) and hsCRP (r=−0.283, *p*\<0.01) levels on admission correlated negatively with ejection fraction ([Table 5](#T0005){ref-type="table"}). 38.1% of patients had heart failure, with 23.6% in the high CRP group and 14.5% in the low CRP group (OR 2.4, CI=1.084--5.225, *p*=0.028). CRP levels at AMI had a specificity of 79% and sensitivity of 83% to predict heart failure at a cutoff level of 10 mg/L ([Figure 1](#F0001){ref-type="fig"}). Correlation of CRP at AMI with clinical characteristics, CAD severity, and lipid profile in all myocardial infarction patients is expressed in [Tables 6](#T0006){ref-type="table"} and [7](#T0007){ref-type="table"}. CRP levels were correlated significantly with Killip scores at AMI (r=0.311, *p*=0.008) and clinical signs of severity scores at follow up (r=0.255, *p*=0.032). There was no relation of CRP with CAD severity determined by the Gensini score.Table 5Pearson correlation analysis of Troponin & CRP levels at AMI with Echocardiography in all AMI patientsTroponinCRPARDLADLVIDDLVIDSPWIVSEjection fractionTroponin1.000.057.026.078.205.318\*\*−.126−.090−.382\*\*CRP1.000.039.028.130.171.141.259\*−.283\*\*ARD1.000.176.318\*\*.365\*\*.150.118−.016LAD1.000.400\*\*\*.380\*\*\*.147−.003−.270\*\*LVIDd1.000.798\*\*\*−.015−.027−.545LVIDs1.000−.010−.129−.610\*\*\*PW1.000.731\*\*\*.160IVS1.000.197Ejection fraction1.000[^5][^6] Table 6Pearson correlation of CRP levels at AMI with clinical characteristics in all AMI patientsCRPAgeBMIPulseSBPDBPKillipCLINCRP1.0000.0020.2010.233\*\*−0.028−0.0460.311\*\*0.255\*Age1.000−0.234\*−0.0180.140−0.0640.1010.116BMI1.0000.078−0.105−0.042−0.0020.011Pulse1.0000.1470.291\*\*0.176\*0.071SBP1.0000.552−0.178−0.154DBP1.000−0.071−0.049Killip1.0000.761\*\*CLIN1.000[^7][^8] Table 7Pearson correlation of CRP at AMI with CAD severity and lipid profile in all AMI patientsCAD severitySexCRPTCTGLDLHDLCAD severity1.0000.1550.1050.0100.0530.0650.037Gender1.0000.0220.047−0.0020.010−0.044CRP1.000−0.0890.032−0.180−0.010TC1.0000.422\*\*\*0.903\*\*\*−0.469\*\*TG1.0000.1920.080LDL1.000−0.386\*\*HDL1.000[^9][^10] Figure 1ROC curve analysis to determine the cutoff points and AUC for hsCRP levels on admission with acute myocardial infarction for heart failure prediction. **Abbreviations:**AUC, area under the curve; hsCRP, high sensitivity C-reactive protein; ROC, receiver operating characteristic.

Discussion {#S0004}
==========

This study reports that higher levels of CRP at admission in AMI patients predicts heart failure at follow up with an OR of about 2.4 (*p*\<0.01). Inflammatory markers are important indicators for discrimination of different clinical forms of ACS. In one study, neutrophil-to-lymphocyte ratios (NLRs) were significantly higher in patients with AMI in relation to patients with UA. There was a positive correlation between the NLR and markers of myocardial necrosis, and between the NLR and CRP, indicating the importance of the NLR in the assessment of the extent of myocardial necrosis and inflammation severity.[@CIT0015] We have reported previously that even in chronic stable CAD patients, higher levels of CRP are present.[@CIT0016]

Long-term risks of high CRP levels in ACS patients have been reported in a number of studies.[@CIT0017],[@CIT0018] After AMI in patients presenting with persistent ST elevation, high CRP levels predict worse outcomes.[@CIT0019] The time course of hsCRP in STEMI differs from NSTEMI, which may be predictive of worse outcomes.[@CIT0010] Suleiman et al[@CIT0018] have reported similar results to our previous study that in AMI, the CRP levels obtained up to 24 h after symptom onset act as an independent marker of mortality and heart failure after 30 days.[@CIT0020] hsCRP levels after AMI predicted emergence of heart failure in a study by Stumpf et al.[@CIT0007] Peak CRP is also a strong predictor of global and cardiovascular mortality during the following year after STEMI.[@CIT0007] Bursi et al[@CIT0021] reported in a recent study that CRP at admission to hospital is useful for predicting the time course of heart failure in patients with AMI. Obtaining peak hsCRP values is reported to be a strong independent predictor of global mortality and heart failure-related mortality in the following year of follow up.[@CIT0021] In line with our study is the report by Berton et al that measuring hsCRP on first day of AMI was independently associated with myocardial dysfunction, with heart failure indications in both models\' age of patient, CK, past heart attacks of myocardial infarction, anterior site of AMI, and aldosterone levels all being other independent predictors for development of heart failure. When statin treatment was included in the models, the results remained virtually unchanged. Therefore, hsCRP measurement on admission to hospital significantly predicts the time course of heart failure in patients with AMI and is a strong independent predictor of global and heart failure mortality.[@CIT0022] Acute phase levels of hsCRP prior to marked elevations of cardiac troponin I (cTnI) may make the body prime to respond to any necrotic or injured tissue. This evidence is supported by De Servi et al[@CIT0023] depicting that in ACS patients there is a large variability in hsCRP levels, with those presenting with high hsCRP titers at baseline probably more hyperresponsive to circulating cTnI. Thus, myocardial necrosis, indicated by troponin increase, is the strongest stimulus for CRP increase in AMI, causing a disproportionate increase of troponin. Thus, the highest CRP values during ACS are likely to be observed in patients with already elevated CRP values at baseline (increasing the probability of mortality risk and subsequent attacks) and the highest troponin values (increasing the probability of mortality risk but not of subsequent heart attacks).

The study by Kavsak et al[@CIT0024] indicated that high CRP titers, independent of the subjects' age, gender, and cTnI concentrations, predict long-term heart failure and mortality.[@CIT0024] Not only did CRP≥15 mg/L identify patients with heart failure at entry, it also predicted worsening of left ventricular function in patients presenting without clinical signs of heart failure at entry. Furthermore, in agreement with their results, CRP levels were a significant predictor of heart failure in our study in patients who did not have had any signs of heart failure at their first myocardial infarction. Although the exact role of CRP requires further exploration, our study focusing on hsCRP measurements within the first 3 days after AMI may prove useful for identification and prediction in patients who are at greater risk of heart failure and mortality. Scirica et al have reported that both hsCRP and BNP measured 30 days after ACS are independently associated with the risk of heart failure and cardiovascular mortality, with the greatest risk occurring when both markers are simultaneously high.[@CIT0006] CRP has been a marker of interest as a predictor of heart failure and pharmacological treatment benefits. In a metaanalysis by Zhou et al,[@CIT0025] trimetazidine administration in heart failure patients significantly improved symptoms and echocardiographic functions and improved CRP levels.[@CIT0025] cTnI and cardiac troponin C along with CRP are related to heart failure and left ventricular hypertrophy in chronic renal failure, which may prove useful in risk stratification of these subjects.[@CIT0026] Levocarnitine treatment has been shown to have a beneficial effect on hsCRP, cardiac troponin, and left ventricular diastolic dysfunction.[@CIT0027] Low-grade chronic inflammation indicated by CRP is reported to be a significant contributor to left atrial stiffening regardless of left ventricular size.[@CIT0028]

Conclusions {#S0005}
===========

CRP levels on admission to hospital after first myocardial infarction are associated with an increased risk of heart failure. Our study shows that inflammatory processes play an independent role in the development of heart failure after myocardial infarction. CRP is a useful marker for predicting the time course of heart failure in patients with AMI. Thus, hsCRP measurements may assist in risk stratification after myocardial infarction. Measurement of hsCRP levels in patients earlier in AMI could help clinicians to discriminate those patients who are at increased risk of heart failure in the future.
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[^1]: **Abbreviations:** AMI, acute myocardial infarction; BMI, body mass index; DBP, diastolic blood pressure; hsCRP, high sensitivity C-reactive protein; SBP, systolic blood pressure.

[^2]: **Abbreviations:** AMI, acute myocardial infarction; BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; hsCRP, high sensitivity C-reactive protein; SBP, systolic blood pressure.

[^3]: **Abbreviations:** AMI, acute myocardial infarction; CRP, C-reactive protein; hsCRP, high sensitivity C-reactive protein; LAD, left atrial dimension; ARD, aortic root dimension; LVIDd, left ventricular internal diameter in diastole; LVIDs, left ventricular internal diameter in systole; PW, left ventricular posterior wall thickness; IVS, interventricular septal thickness.

[^4]: **Abbreviations:** AMI, acute myocardial infarction; CRP, C-reactive protein; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides; TC, serum cholesterol.

[^5]: **Note: \****p*\< 0.05, \*\**p*\< 0.01, \*\*\**p*\< 0.001.

[^6]: **Abbreviations:** AMI, acute myocardial infarction; Trop, troponin; CRP, reactive protein; LAD, left atrial dimension; ARD, aortic root dimension; LVIDd, left ventricular internal diameter in diastole; LVIDs, left ventricular internal diameter in systole; PW, left ventricular posterior wall thickness; IVS, interventricular septal thickness; EF, ejection fraction; LAD, left atrial dimension; ARD, aortic root dimension; LVIDd, left ventricular internal diameter in diastole; LVIDs, left ventricular internal diameter in systole; PW, left ventricular posterior wall thickness; IVS, interventricular septal thickness.

[^7]: **Note:**\******p*****\< 0.05, \*\******p*****\< 0.01, \*\*\******p*****\< 0.001.****

[^8]: **Abbreviations:** AMI, acute myocardial infarction; BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; hsCRP, high sensitivity C-reactive protein; SBP, systolic blood.

[^9]: **Note:**\**p*\< 0.05, \*\**p*\< 0.01, \*\*\**p*\< 0.001.

[^10]: **Abbreviations:** AMI, acute myocardial infarction; CRP, C-reactive protein; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides; TC, serum cholesterol.
